A comprehensive study of the relationships of Oceanospirillum species by a polyphasic approach is described. Hybridizations were performed between labeled ribosomal ribonucleic acids (rRNAs) from Oceanospirillum linum, Oceanospirillum jannaschii, Oceanospirillum kriegii, and several other organisms and deoxyribonucleic acids (DNAs) from representative Oceanospirillum strains and many other gram-negative organisms. Five Oceanospirillum species, including the type species, constitute a separate rRNA branch in rRNA superfamily 11, to which the genus Oceanospirillum should be restricted. The finer relationships among the different members of the Oceanospirillum rRNA branch were further defined by DNA:DNA hybridizations and comparative gel electrophoresis of whole-cell proteins. After comparison of our results with the previously available phenotypic data, we redefine the genus Oceanospirillum to contain Oceanospirillum linum, Oceanospirillum maris, Oceanospirillum beijerinckii, Oceanospirillum multiglobuliferum, and Oceanospirillum japonicum; we also create Oceanospirillum maris subsp. hiroshimense comb. nov. and Oceanospirillum beijerinckii subsp. pelagicum comb. nov. for the former Oceanospirillum hiroshimense and Oceanospirillum pelagicum, respectively. The following taxa are generically misnamed: Oceanospirillum jannaschii, Oceanospirillum kriegii, and Oceanospirillum minutulum. Together with Cellvibrio mixtus and some misnamed Pseudomonas strains, these three taxa constitute at least three separate rRNA branches in rRNA superfamily 11. Oceanospirillum pusillurn is also misnamed as it belongs in rRNA superfamily IV. Oceanospirillum vagum and Oceanospirillum commune should be relegated to their real generic positions, Marinomonas vaga and Marinomonas communis, respectively.
During the last 15 years the classification of the spirilla has changed considerably. In Bergey 's Manual of Determinative Bacteriology, 8th ed. (28), all of the various aerobic and microaerophilic spirilla, including freshwater and marine species, constituted the genus Spirillum Ehrenberg 1832. Later, Hylemon et al. (22) and Krieg (29) divided this genus into three genera, Spirillum, Oceanospirillum, and Aquaspirillum, on the basis of deoxyribonucleic acid (DNA) base composition and some physiological properties. Oceanospirillum was created for all of the marine aerobic spirilla requiring seawater for growth and possessing a mean guanine-plus-cytosine (G+C) content range of 42 to 51 mol%. A pattern of phenotypic features was considered to be typical for the genus. Hylemon et al. (22) originally described the following five species: Oceanospirillum linum, Oceanospirillum minutulum, Oceanospirillum beijerinckii, Oceanospirillum maris, and Oceanospirillum japonicum. Four other species, Oceanospirillum hiroshimense, Oceanospirillum pelagicum, Oceanospirillum pusillum, and Oceanospirillum multiglobuliferum, were described later by Terasaki (40, 42) . All of the species contain helical cells with bipolar flagella; they have a strictly respiratory type of metabolism, fail to oxidize or ferment carbohydrates, fail to grow anaerobically in the presence of nitrates, fail to reduce nitrate beyond the nitrite stage, and have a positive oxidase reaction. The cell diameter ranges from 0.3 to 1.4 pm, and the length of the helix ranges from 1.2 to 75 pm. The type species is 0. linum (48). Some species have unusual characteristics, indicating a possible heterogeneity in the genus (29).
Based on DNA:ribosomal ribonucleic acid (rRNA) hybridization data, Van Landschoot and De Ley (43) created a new genus, Marinomonas, with two species, Marinomonas vaga and Marinomonas communis, for the former species Alteromonas vaga and Alteromonas communis, respectively. Marinomonas constitutes a separate rRNA branch in rRNA * Corresponding author. superfamily 11. Bowditch et al. ( 5 ) reported close immunological relationships among 0. linum, 0. beijerinckii, Alteromonas vaga, Alteromonas communis, and two unnamed groups (groups H-1 and 1-1) of marine bacteria. Although these relationships were not confirmed by other methods, Bowditch et al. concluded that Alteromonas communis and Alteromonas vaga should be assigned to the genus Oceanospirillum as Oceanospirillum vagum and Oceanospirillum commune, and they created two new species for groups 1-1 and H-1, Oceanospirillum jannaschii and Oceanospirillum kriegii, respectively. The new combinations Marinomonas vaga and Marinomonas communis were validated (23), as were 0. vagum, 0. commune, 0. jannaschii, and 0. kriegii (24). Because of the inclusion of these new species, the genus description of Oceanospirillum had to be changed drastically. The unfortunate consequences of this extension (5) were the loss of most of the readily determinable phenotypic features from the previous definition of the genus (29) and the extension of the upper G+C content limit for the genus from 51 to 57 mol%.
Until now, no comprehensive studies have been undertaken to elucidate the inter-and intrageneric relationships of the species of this genus, and extensive comparisons of rRNA and rRNA cistrons were called for. The 16s rRNAs from five strains, each representing a species, were compared by using the oligonucleotide cataloging method (50, 51) . According to this study 0. maris, 0. japonicum, 0. linum, and 0. beijerinckii constitute, together with the Enterobacteriaceae and the Vibrionaceae, the core of subgroup 3 of the gamma subclass of the Proteobacteria (38, 51). The DNA:rRNA hybridization method has proven to be a powerful tool in the study of the relationships among bacteria at the generic and suprageneric levels. Since many strains per species or group can easily and quickly be compared by this technique, its results lead to decisive taxonomic conclusions (14, 18, 20, 35, 44) .
In this paper we report on an extensive reexamination of Oceanospirillum species and related organisms by a polyphasic approach. Because of the heterogeneity of the group, DNA:rRNA hybridization data constituted the main part of this study. DNAs from representative strains of all species of Oceanospirillum and from possibly related bacteria were hybridized with radioactively labeled rRNAs from the type strains of 0. linlrm, 0. kriegii, and 0. jannaschii and with labeled reference rRNAs from other organisms. In addition, DNA:DNA hybridizations and polyacrylamide gel electrophoresis of proteins were performed in order to elucidate the finer inter-and intraspecific relationships of Oceanospirillum sensu stricto.
Below, we use brackets to indicate generically misnamed taxa.
MATERIAL § AND METHODS
Bacterial strains and growth media. Table 1 lists the bacterial strains which we used. For each Oceanospirillum species we included all of the strains available to us. For some species only one strain has been described. The compositions of the growth media (see Table 2 ) have been described previously (16, 36, 43 Preparation of high-molecular-weight DNA and fixation of single-stranded high-molecular-weight DNA on membrane filters. The procedures of Gillis and De Ley (21) were used for all organisms except 0. beijerinckii, 0. japonicum, 0. maris subsp. williamsae, and 0. [F.] minutulum, for which the NaClO, step was replaced by a proteinase K treatment (50 pg/ml) for 2 h at 60°C. Whenever possible, the procedures were carried out at 4°C.
Chemical determination of DNA. For DNA:DNA hybridizations the concentration of DNA was determined chemically by the method of Burton (6) DNA base composition. The average G + C content was determined by thermal denaturation and was calculated by using the equation of Marmur and Doty (34) , as modified by De Ley (9).
DNA:DNA hybridization. The degree of binding (D value), a measure of DNA homology, was determined spectrophotometrically from the initial renaturation rates by the method of De Ley et al. (11) . D values of 30% and lower are less reliable and were disregarded. The total DNA concentration was ca. 50 kglml, and the optimal renaturation temperature in 2 x SSC ( l x SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7) was 71.5"C. A model 2600 spectrophotometer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio) equipped with a thermostatically controlled cuvette chamber and a model 7225A plotter (Hewlett-Packard Co., Palo Alto, Calif.) was used.
Polyacrylamide gel electrophoresis of proteins. The Oceanospirillum strains were grown in Roux flasks at 28°C for 48 h on medium 959. Whole-cell protein extracts were prepared, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed by using small modifications of the procedure of Laemmli (30), as described previously (27) .
Numerical analysis of the protein electrophoretic patterns. Protein electrophoretic patterns were scanned by using a model 2202 Ultroscan laser densitometer (LKB, Bromma, Sweden) and a modified LKB Apple Pascal program (GEL-SCAN) run on an Apple IIe microcomputer equipped with a Transwarp accelerator card (Applied Engineering, Carrollton, Tex.). Raw digitized data were normalized and interpolated by using the Pascal INTFILE program (B. Pot and P. Casteleyn, unpublished data). Objective comparison and normalization of lanes on different slab gels were achieved by including the protein extract of Psychrobacter sp. strain LMG 1125 as a reference lane five times in each gel to be analyzed. In addition to the starting point and the endpoint of the electrophoretic trace, four sharp, well-separated protein bands of the reference extract from strain LMG 1125 were localized by the INTFILE program. The mean positions of these bands were determined from more than 100 electrophoretic runs of several preparations of the extract of strain LMG 1125. These mean positions were used to correct for misalignments of raw digitized data collected from different gels or different lanes within one gel or both. The INTFILE program corrected for small displacements and reduced the 1, OOO points of the raw digitized curve to a 400-point curve by using the Lagrange interpolation algorithm. The resulting 400-point traces, with all necessary descriptive information, were transferred to the Siemens model 7570-C mainframe computer of the Centraal Digital Rekencentrum of the Rijksuniversiteit, Gent, Belgium. Numerical analysis was performed as described previously (26) on the first 300 points of each interpolated trace. The similarity between all possible pairs of traces was expressed by the Pearson product moment correlation coefficient (r). Strains were then clustered by using the unweighted pair group average linkage method.
On: Sun, 13 Jan 2019 07:11:06 VOL. 39, 1989 Protein electrophoresis. Protein electropherograms were prepared for all of the OceanospirilCum strains. Because of the heterogeneity among the named Oceanospirillum strains, we restricted the numerical analysis of the protein electropherograms to the strains belonging to the authentic Oceanospirillurn rRNA branch (Fig. 3) .
At the 0.75-r level we distinguished the following three groups of strains ( DNA:DNA hybridizations. Nine strains, representing the different Oceanospirillum species which were most closely related to 0. linum ATCC 11336T based on the DNA:rRNA hybridization data, were used for DNA:DNA hybridizations. The D values are represented in a matrix in Fig. 4 . We found four DNA homology groups (Fig. 4) . Within groups the D values varied from 77 to 100%. Between the groups no significant D value was found.
DISCUSSION
In previous papers from our research group the impact and significance of T,,,(,, for detecting intra-and intergeneric relationships in the gram-negative bacteria have been proven extensively (16, 18, 36, 45, 47) . On this basis our research group divided the gram-negative bacteria into at least six groups with reciprocal Tmc,, values of ca. 60°C or lower. These groups are called rRNA superfamilies, indicating a Tables 1 and 2. relationship beyond the family level (10, 17). Our rRNA superfamilies I + 11,111, and IV as described by De Ley (10) correspond to the gamma, beta, and alpha subclasses, respectively, of' the Proteobacteria as defined by Stackebrandt et al. (38) . Within most rRNA superfamilies we distinguish different rRNA branches [reciprocal T,(,, levels of 67 to 70"Cl. One rRNA branch can contain one genus (e.g., Marinomonas, Chromobacterium [13, 43] , etc.) or a group of genera which frequently constitute an official bacterial family (e.g., the Enterobacteriaceae, the Vibrionaceae [7], etc.). Organisms belonging to one rRNA superfamily and having Tm(e) values at the branching level of the different rRNA branches are not closely related to any of the genera on these rRNA branches.
Preliminary DNA:rRNA hybridizations with reference rRNAs representing the different rRNA superfamilies showed that in Oceanospirillum (29) all of the species except [O.] pusillum belong in rRNA superfamily I1 [approximately at 68.8"C Tmce,]. This implies that they are related neither to Marinomonas nor to any rRNA branch from rRNA superfamily II (Deleya rRNA branch, Pseudomonas Jluorescens rRNA branch, Moraxella-Acinetobacter rRNA branch, etc). Hence, we showed definitely that the former species [Alteromonas] vaga and [Alteromonas] communis do not belong in Oceanospirillum but in Marinomonas (43) (see below). Hybridizations with labeled rRNA from the type strain of the type species, 0. linum ATCC 11336, allowed us to determine the intra-and intergeneric relationships of Oceanospirillum species.
Oceanospirillum rRNA branch. DNAs from Oceanospirillum species, from possibly related bacteria (Table 2) , and from strains representing the different rRNA branches in rRNA superfamily I1 were hybridized with rRNA from 0. h u m ATCC 11336T. The similarity map in Fig. 1 organisms from the other rRNA branches of rRNA superfamily 11.
Groups i and ii together constitute a new rRNA branch in rRNA superfamily 11. These findings are in agreement with the cataloging results reported by Woese et al. (50, 51) , who found that four species (0. maris, 0. beijerinckii, 0. linum, and 0. japonicum) constitute a separate branch in the gamma subclass of the Proteobacteria (38). Reciprocal hybridizations (Table 2 ) with other reference rRNAs from this rRNA superfamily showed that the rRNA branch with our The finer relationships within each of the two main clusters on the Oceanospirillum rRNA branch were further studied by DNA:DNA hybridization and comparative protein gel electrophoresis. In rRNA group i 0. linum ATCC 11336T and ATCC 12753 share a D value of 100% and have very similar protein electropherograms (r = 0.82), distinct from those of the other Oceanospirillum strains (Fig. 3) . 0. maris displays two different protein electrotypes. Strains ATCC 27649, ATCC 27648, and ATCC 27509T, belonging in 0. maris subsp. maris, have almost identical electropherograms, which are also very similar (r = 0.69) to those of 0. maris subsp. williamsae ATCC 29547T and 0. hiroshimense I F 0 13616T, although there are definite differences in the upper one-half of the electropherograms. The high level of similarity among the electropherograms of these organisms is supported by the results of DNA:DNA hybridizations (D value, ~8 4 % ) , proving that 0. hiroshimense and the two subspecies of 0. maris are very similar and belong in the same species. In this context it remains unexplained why 0. hiroshimense falls slightly below and not in the rRNA cluster formed by 0. linum and 0. maris (Fig. 2) . Although more 0. hiroshimense strains have been described (42), we could only obtain type strain I F 0 13616. Several times we repeated our DNA preparation and T,(,) determinations and each time found T,(,, values in the same range (between 75.7 and 77.1"C) for this strain.
Within rRNA group ii 0. beijerinckii NCMB 52T and 0. pelagicum I F 0 13612T have electrophoretic profiles which are visually quite similar except for the presence of a few very dense protein bands in the pattern of 0. beijerinckii NCMB 52T (Fig. 3) ; these bands considerably distorted the results of the numerical analysis in a way similar to that described by Costas and Owen (8) . The overall visual similarity of the protein patterns of 0. beijerinckii and 0. pelagicum was supported by the results of DNA:DNA hybridizations (D value, 77%) (Fig. 4) . Our genotypic and protein gel electrophoretic results indicate that these two strains are too highly related to be kept in separate species (see below).
0. multiglobuliferum IF0 13614T and 0. japonicum ATCC 19191T each have a different and separate protein electrotype. DNA:DNA hybridizations with the type strain of 0. multiglobuliferum showed no close relationship to the other species of the Oceanospirillum rRNA branch (D value, 119%) (Fig. 4) .
Because 0. japonicum I F 0 19191T has a much lower TmCe) value versus 0. linum ATCC 11336T, we did not include this strain in our DNA:DNA hybridizations; it is our experience that such a large difference in T,,l(e) values (about 10°C) always yields negligible D values.
Relationship of Oceanuspirillurn sensu stricto to other rRNA branches in rRNA superfamily 11. The Oceanospirillum rRNA branch links at a TmCe, of 68.8 2: 0.9"C with the Azotobacter, Azotomonas, Deleya, Marinomonas, and authentic Pseudomonas rRNA branches (Fig. 2) Based only on the results from immunological studies of Fe-containing superoxide dismutase and glutamine synthetase, Bowditch et al. (5) concluded that Marinomonas vaga, Marinomonas communis, unnamed groups H-1 and 1-1, 0. h u m , and 0. beijerinckii belong in the genus Oceanospirillum because (i) the maximal immunological distance (IMD) (-65 IMD units) for Fe-containing superoxide dismutase between these organisms appeared to be comparable to the IMDs between distantly related Vibrio species (Vibrio pelagius, Vibrio anguillarum, Vibrio cholerae, and Vibrio gazogenes [l]) and (ii) all of the strains considered, together with 0. japonicum, are related to Escherichia coli by a narrow VOL. 39. 1989 OCEANOSPIRILLUM jannaschii ATCC 27135T. Each of these organisms constitutes a separate rRNA branch equidistantly removed from all other rRNA branches of rRNA superfamily 11. As both group H-1 and group 1-1 are phenotypically well described and can be differentiated, it seems to us that both rRNA branches deserve separate generic rank. Names may be given when more data are available.
[O.] minutulum is not a member of the Oceanospirillum rRNA branch, although it definitely belongs in rRNA superfamily I1 [mean Tm(+ 67.8"CI. This is in agreement with the results of Woese et al. (51) , as the [O.] minutulum rRNA catalog seemed to be slightly more closely related to the rRNA catalogs of 0. h u m , 0. beijerinckii, 0. maris, and 0. japonicum than to the rRNA catalogs in the enteric bacteriavibrio cluster. The generic name Cellvibrio was revived by Blackall et al. (4) after they isolated several strains that were similar to the original generic description of Winogradsky (49) and that had a cellular morphology, flagellation, DNA base composition and physiology similar to those of existing strains of "Cellvibrio vulgaris. " These strains can be clearly differentiated from the genus Pseudomonas, in which "Cellvibrio vulgaris" and "Cellvibrio fulvus" were placed as species incertae sedis (19). Since the original type species, "Cellvibrio ochraceus," is not available, Blackall et al. (4) proposed a new type species, Cellvibrio mixtus, with two subspecies, Cellvibrio mixtus subsp. mixtus and Cellvibrio mixtus subsp. dextranolyticus. The former "Cellvibrio vulgaris" and "Cellvibrio fulvus" are now members of Cellvibrio mixtus subsp. mixtus; both of these organisms ( OceanospiriZZum sensu stricto. As a result of our genotypic and protein electrophoretic studies, we conclude that the genus Oceanospirillum should be restricted to the organisms of the Oceanospirillum rRNA branch and that some species have to be redefined. The removal of several species from the genus Oceanospirillum requires a new genus definition, which is only slightly different from the description of Krieg (29) .
Genus OceanuspiriZZum Hylemon, Wells, Krieg and Jannasch 1973AL. Oceanospirillum (0 .ce .an. 0. spi.ril'lum. M. L. n. oceanus, ocean; Gr. n. spira, spiral; M.L. dim. neut. n. spirillum, a small spiral; Oceanospirillum, a small spiral organism from the ocean [seawater]). Rigid, helical cells with clockwise helix. Cells 0.4 to 1.4 pm in diameter; length of the helix, 1.2 to 75 pm. A polar membrane underlies the cytoplasmic membrane at the cell poles in all species examined so far by electron microscopy. Intracellular poly-phydroxybutyrate is formed. The strains of most species form thin-walled coccoid bodies which predominate in old cultures. Gram negative. Motile by bipolar tufts of flagella. Chemoorganotrophic, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. Nitrate respiration does not occur; nitrate is not reduced to nitrite or beyond the nitrite stage. Optimum temperature, 25 to 32°C. Oxidase positive. Indole negative. Casein, starch, hippurate, and esculin are not hydrolyzed. Seawater is required for growth. Carbohydrates are neither fermented nor oxidized. Amino acids or the salts of organic acids serve as carbon sources. Growth factors are not usually required. Isolated from coastal seawater, from decaying seaweed, and from putrid infusions of marine mussels. The G+C content of the DNA ranges from 45 to 50 mol% (as determined by the thermal denaturation method). The type species is Oceanospirillum linum (Williams and Rittenberg, 1957) Hylemon, Wells, Krieg and Jannasch 1973AL. We propose that 0. pelagicum should be united with 0. beijerinckii and also that 0. hiroshimense should be united with 0. maris, because of their genotypic and protein gel electrophoretic similarities and because enough phenotypic differences (Table 3) remain to differentiate the newly defined species (0. beijerinckii and 0. maris according to Rule POT ET AL.
INT. .I. SYST. BACTERIOL. ' 0. linum grows poorly or not at all in defined media containing single carbon sources and ammonium ions as the nitrogen source; however, abundant growth 0. maris strains can have an optimum temperature of 25°C; the catalase reaction can be negative, weak, or positive; and the phosphatase reaction may be 0. maris ATCC 29547 does not grow in vitamin-free defined media and has a growth factor requirement that has not been identified yet.
+, Present in all strains; -, absent in all strains; d, differs among strains; w, weak reactions.
occurs in a defined medium containing succinate and malate as the carbon sources and methionine as the nitrogen source. Terasaki (39, 42) . However, malate and pyruvate are used when cells are tested by the method of Hylemon et al. (22) . The temperature range for growth is 14 to 37°C. Gelatin is liquefied at 20°C. The range of NaCl concentrations for growth in peptone water (7 days) is 0.5 to 6.0%. Isolated from coastal seawater. The type strain is strain NCMB 52. The G+C content of the type strain is 47 mol%.
Oceanospirillum beijerinckii subsp. pelagicum (Terasaki 1973) subsp. nov. Oceanospirillum beijerinckii subsp. pelagicum (pe.la'gi.cum. L. neut. adj. pelagicum, belonging to the sea). Features are as described above for the species. Differs from 0. beijerinckii subsp. beijerinckii in the use of citrate, malate, pyruvate, lactate, tartrate, acetate, and propionate (all strains). The use of p--hydroxybenzoate, ethanol, and n-propanol as carbon sources and the liquefaction of gelatin at 20°C differ from strain to strain. The temperature range for growth is 8 to 41°C. The range of NaCl concentrations for growth in peptone water (7 days) is 0.5 to 8.0%. Isolated from putrid infusions of marine mussels. The type strain is strain I F 0 13612 with a G;+C content of 49 mol%.
Oceanospirillum maris Hylemon, Wells, Krieg and Jannasch 1973AL. Oceanospirillum maris (ma'ris. L,. n. mare the sea; L. gen. n. maris, of the sea). Cell diameter, 0.6 to 1.1 pm; wavelength of helix, 3.0 to 7.0 pm; length of helix, 2.5 to 40 pm. Coccoid bodies are predominant in old cultures. Catalase and phosphatase reactions differ from strain to strain. Gelatin can be liquefied at 20°C. Ammonium ions can serve as a sole nitrogen source. No acid is produced from sugars. Temperature range for growth, 14 to 35°C. Cannot use citrate, malonate, or n-butanol. The use of succinate, fumarate, malate, pyruvate, lactate, acetate, tartrate, proprionate, p-hydroxybenzoate, ethanol, and n-propanol differs among the subspecies. Isolated from coastal seawater or from putrid infusions of marine mussels. The G + C content is 45 to 47 mol%. The type strain is strain ATCC 27509.
Oceanospirillum maris subsp. maris Hylemon, Wells, Krieg and Jannasch 1973AL. Oceanospirillum maris subsp. maris (ma'ris. L. n. mare the sea; L. gen n. maris, of the sea). Features are as described above for the species. Differs from 0. maris subsp. williamsae and 0. maris subsp. hiroshimense in having a strong catalase reaction. Can grow in the presence of 1% glycine; deoxyribonuclease and ribonuclease activities are lacking. Can grow on oxaloacetate and Lglutamate when cells are tested in a defined vitamin-free medium. The type strain is strain ATCC 27509; the G+C content is 46 mol%.
Oceanospirillum maris subsp. williamsae Linn and Krieg 197gAL. Oceanospirillum maris subsp. williamsae (wil-1'iam.sae. M. L. gen. n. williamsae, of Williams, named for Marion A. Williams, who was the first to describe species of marine spirilla). Features are as described above for the species. Differs from 0. maris subsp. maris and 0. maris subsp. hiroshimense in failing to grow in defined vitamin-free medium. Cannot grow in the presence of 1% glycine. Possesses deoxyribonuclease and ribonuclease activities. Very weak catalase activity. The auxotrophic growth requirement has not been identified yet.
Isolated from a mixture of organisms comprising strain to Hiroshima, Japan). Features are as described above for the species. Differs from 0. maris subsp. maris and 0. maris subsp. williamsae in having phosphatase activity and in the optimum temperature for growth (25°C rather than 30 to 32°C). Differs from 0. maris subsp. maris in the following C sources used in a defined vitamin-free medium: succinate, fumarate, pyruvate, lactate, tartrate, acetate, and propionate. Catalase reaction is weak or is lacking.
Isolated from putrid infusions of marine mussels. The type strain is strain I F 0 13616; the G+C content of the type strain is 47 mol%.
The definitions of 0. multiglobuliferum, 0. japonicum, and 0. linurn remain unchanged.
